There is considerable evidence for the presence of positive species diversity-productivity relationships in plant populations, but the population parameters determining the type and strength of the relationship are poorly defined. Relationships between species evenness and tree survival or species coexistence are not well established. The objective of this study was to quantify the joint effects of density and species evenness on tree productivity and species coexistence. † Methods A 12-year-old experimental tree plantation mixing two species according to a double gradient of density and species proportion was used. A neighbourhood approach was employed and descriptors of local competition were used to model individual tree growth. Fagus sylvatica and Acer pseudoplatanus were used as model species, as they can be considered as ecologically equivalent in their young stages. † Key Results Density and tree size were primary factors determining individual growth and stand productivity. Species identity had a significant, but less pronounced, role. Stand productivity was highest when species evenness was close to 1 and slightly lower in uneven mixtures. The reduction in stand productivity when species evenness decreased was of similar magnitude irrespective of which species became dominant, indicating symmetric effects for the two species. When examining individual tree growth in response to species proportion for each species separately, it was observed for both species that individual trees exhibited greater growth in uneven mixtures in which the other species was more frequent. † Conclusions The results suggest that mixtures of these two functionally similar species have the highest production at maximum evenness, indicating a complementary effect between them. The presence of a mixture combines both stabilizing mechanisms (individuals from both species show higher growth when surrounded by individuals from the other species) and equalizing mechanisms (the two species have very similar growth curves) that, in turn, determine the species' relative dominance. These processes should act to ensure the long-term coexistence of species.
INTRODUCTION
Over the past decades, a number of experimental studies have provided evidence that biodiversity enhances ecosystem functioning and ecosystem services (Hooper et al., 2005; Diaz et al., 2006) . In particular, much attention has been paid to the diversity -production relationship in plant communities, showing that mixtures produce on average more biomass than monocultures (Cardinale et al., 2007) . To comply with this paradigm, forest management policies in many regions of the world presently aim at promoting mixed species forests and benefiting from the many ecological and economic advantages of mixed stands not provided by monocultures (Knoke et al., 2008) . Recent research on mixed forests has had a strong focus on the diversity -production relationship. Results from individual studies comparing plurispecific and monospecific forest stands differ greatly (Piotto, 2008) due to a number of uncontrolled factors and to the idiosyncratic nature of the diversity -production relationship, but show an overall positive relationship Zhang et al., 2012) . Questions on the stability of mixed stands and, more specifically, on the stability of their species composition have received much less attention, although it is of primary importance that the mixture should be able to persist for long periods of time. In production forestry, it should persist at least until the stand is harvested. Sustainable forest management requires that both stand productivity and diversity be maintained over the entire stand life cycle. However, conditions for a positive diversity-production relationship may not be the same as conditions for long-term species coexistence, the two processes being driven by different sets of factors.
Various mechanisms may lead to an enhanced productivity of mixtures compared with monospecific populations, and the relative importance of their contribution is a long debated question (Hooper and Dukes, 2004; Yachi and Loreau, 2007) . Functional complementarity is considered as a main mechanism generating such positive effects of the presence of a mixture. It occurs when species exhibit different ecological niches, allowing individuals to use available resources more completely (Vandermeer et al., 1998; Cardinale et al., 2007; Lorentzen et al., 2008) . However, which life history traits may induce functional complementarity, and how much the species must differ in their traits in order to induce complementarity remain open questions. In forest ecosystems, shade tolerance has attracted much attention as a trait potentially inducing complementarity among tree species (Amoroso and Turnblom, 2006) .
According to the competitive exclusion principle, stable coexistence necessarily requires that species in the mixture exhibit substantial niche differentiation (Chesson, 1991) . If species are too similar in their requirements, the best competitor will eventually exclude all others and the mixture will be lost (Chesson, 2000) . Conversely, unstable coexistence may be observed when species are trophically equivalent and exhibit similar interference abilities. Then, the very slow process of species replacement allows long-term coexistence (Wilson, 2011) .
Taken together, these results suggest that mixed forest stands containing tree species with contrasting ecological niches should present higher productivity than pure stands while maintaining their species diversity. Conversely, stands mixing ecologically equivalent tree species are expected to show insignificant enhancement compared with pure stands, and possibly to maintain their species diversity at least until the next regeneration period. Experimental studies dealing with mixed forests have largely concentrated on mixtures containing species with contrasting life history traits, such as shade tolerance, nitrogen fixation, foliar phenology (deciduous or evergreen species) or growth rate (Amoroso and Turnblom, 2006; Liang et al., 2007; Richards and Schmidt, 2010) . Overall, these studies have confirmed the hypotheses presented above. Comparably fewer studies have focused on the productivity of mixtures of similar tree species [see Erickson et al. (2009) , who analysed a mixture of two conifer species with intermediate shade tolerance] and even fewer have analysed the coexistence of tree species in these mixtures, although these mixtures are appealing to forest managers because they are considered to be relatively easy to manage.
Stand structure has profound effects on individual tree survival and growth, and on stand composition and productivity. First, density is a primary factor that determines the intensity of competition among individuals. The effects of density on individual performance and stand production in monospecific populations are well characterized (Weiner and Freckleton, 2010) . A few studies have analysed how density affects the dynamics of mixtures. At low density, no interaction occurs among individuals, and the presence of a mixture cannot affect individual growth. In contrast, at high density, a flattening of the diversity -production relationship has been observed (He et al., 2005; Amoroso and Turnblom, 2006) . As a consequence, positive effects of a mixture on productivity should primarily appear at intermediate values of density, but the relationship between density and the magnitude of diversity effects has not been clearly established yet. Secondly, species composition, which may be expressed as species proportion or as evenness, is another central component of stand structure that influences both the diversity -production relationship and species coexistence. Empirical evidence corroborates theoretical models and suggests that evenness affects productivity in different ways depending on environmental conditions (Mulder et al., 2004; Hillebrand et al., 2008) , although a general positive effect of evenness of forest stand productivity was found by Zhang et al. (2012) in a meta-analysis performed on published studies.
Finally, the effects of density and evenness on species coexistence seem to be more straightforward: the speed of species exclusion generally increases rapidly with increasing density and is reduced when evenness is high (Hillebrand et al., 2008) .
In this study, the general objective is to analyse productivity and species coexistence in binary mixtures containing tree species that are functionally equivalent, and to quantify the combined effects of density and species proportion on production and species coexistence. Given the similar ecological requirements of the species, we hypothesized that binary mixtures behave as monocultures. This primary hypothesis directly led to the following specific hypotheses: (1) density decreases individual tree growth, increases stand productivity and impairs species coexistence; and (2) species proportion within the mixture does not affect individual growth, stand productivity and species coexistence.
A long-term field experiment was designed to test these specific hypotheses. We used an experimental plantation that crossed large gradients of density and species proportion. Such designs, where explanatory factors vary continuously, are known to offer the best opportunities to calibrate growth response curves (Vanclay, 2006) , compared with designs that juxtapose a limited number of density and mixture levels (typically between two and four levels in most studies analysing the effects of density on the diversity -production relationship in forest stands). In order to take advantage of the experimental design, we analysed individual tree growth in relation to descriptors of local competition in a restricted neighbourhood around each individual tree instead of using variables reflecting growth and competition at the stand scale.
We examined the growth of Fagus sylvatica L. and Acer pseudoplatanus L. planted following a density -mixture doubleclinal design, for 12 years after planting. The two species are commonly found in intimate mixtures in semi-natural forests of western and central Europe. In the young stages, the species are ecologically equivalent: they show similar growth dynamics and are considered to have similar competitive abilities (Hein et al., 2008) .
MATERIALS AND METHODS

Study site and experimental design
The study site was located in the state forest of Haye (48 838 ′ 17 . 18''N, 6 88'43 . 03 ′′ E), North-eastern France, on a limestone plateau at 400 m a.s.l. The climate was oceanic with a continental trend (January temperature, 1 . 2 8C; July temperature, 18 . 3 8C; annual precipitation, 740 mm). The soil was a brunisol consisting of a silt eutrophic brown soil layered over limestone. The experimental site presented optimal growth conditions for both Fagus sylvatica and Acer pseudoplatanus. The state forest was managed by the Office National des Forêts, which issued all necessary permission for conducting the present work.
Prior to the study, the site was occupied by a mature beech-oak stand, which was felled during winter 1997-1998. One-year-old Fagus (origin: limestone plateaus of North-eastern France) and Acer seedlings grown in the nursery were planted on the site in November 1998.
Fagus and Acer were planted following a density -mixture double-clinal design (Vanclay, 2006) . The central zone of the study site (65 × 40 m) included 2014 trees planted according to two perpendicular clines (Fig. 1 ). The first cline was a density gradient, where local tree density varied according to an exponential function of the location on the x-axis, from 25 000 to 1500 tree ha 21 . The second cline was a mixture gradient where the local proportion of the two species varied linearly with the location on the y-axis, from pure Fagus to pure Acer. This central zone was surrounded by a first 10 m wide buffer zone. Tree density and species mixture conditions in this first buffer zone were the same as those at the closest point from the central zone, therefore ensuring that density and mixture conditions were stable for the border trees of the central zone. The first buffer zone contained 2552 trees. A second 10 m wide buffer zone that mostly comprised Fagus, Betula sp. and Cytisus sp. was retained to provide natural shading at the edges.
In the central and in the first buffer zones, tree locations were determined. In these zones, a 0 . 3 × 0 . 3 m grid was marked using small sticks prior to planting. The theoretical location of each seedling was randomly sampled according to an exponential (density) and a linear (species mixture) distribution reflecting the two clines, and the exact planting location was the point on the grid closest to the theoretical point. When two seedlings had the same location, the location of the second seedling was resampled. Once the location of each tree had been determined, trees were planted at these locations.
The site was fenced in order to prevent browsing damage. Each year, in the central and in the first buffer zone, all other plants (mainly other trees, Carex sp., Rubus sp. and Cytisus sp.) were manually removed in order to avoid any competition other than from planted Fagus and Acer. Trees in the second buffer zone that were higher than the highest trees of the measurement zone were thinned, in order to avoid overtopping from buffer zone trees.
Height and diameter measurements
In December 1998 December , 1999 December , 2001 December , 2004 December , 2006 December , 2007 December , 2008 December and 2009 , total tree height (in cm) was measured on all trees from the central zone. Starting in 2004, diameter (in mm) at 15 cm was also recorded. Additionally, also starting in 2004, all trees located in the first buffer zone at ,5 m from the central zone (612 trees) were also measured, in order to calculate competition indices for the trees of the central zone close to the border.
Data analysis
Competition at plot scale. To compute averaged stand values, the central zone was divided into 25 unequally sized plots (Fig. 1) . The x-axis (corresponding to the density gradient) was divided into five classes of increasing size when the density decreased ( plot size along the x-axis: 6, 7, 12, 15 and 20 m) so as to have a similar number of trees in each density class. The average density for each class was: 21 000, 16 300, 9300, 5700 and 2700 tree ha
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. The y-axis (corresponding to the mixture gradient) was divided as two small outward sub-plots with an 'almost pure' mixture (5 or 95 % Fagus) and three equally sized inward sub-plots with various mixture conditions (25, 50 or 75 % Fagus). Each of the 15 inward sub-plots included around 110 trees and each of the ten outward 'almost pure' sub-plots contained 37 trees. Tree density and mixture ( proportion of Fagus) was computed in each sub-plot. Average values computed on the sub-plots were used mainly for graphical purposes, and no statistical analyses were performed at this scale.
Competition at individual scale. For each tree of the central zone, variables reflecting competition in the tree neighbourhood were computed. For each tree, a series of circular neighbourhoods of increasing size (ten discs centred on the tree, with a radius ranging from 0 . 5 to 5 m, by 0 . 5 m increments) were defined. The central tree is called the 'target tree' and all other trees in the neighbourhood are called 'neighbouring trees'. Two approaches were then used to define two sets of competition estimates around each target tree.
(1) A first set of three estimates reflecting usual dendrometric variables: density (Dens), computed as tree density in the neighbourhood (in tree m 22 ); species proportion (Sprop), computed as the number of trees of the same species as the target tree over the total number of trees in the neighbourhood; and dominant height (Hdom), computed as the average height of the five tallest neighbouring trees. In the low density part of the site, ,5 trees were present in the circular neighbourhood of some trees, and Hdom was computed over all the neighbour trees. In all analyses, species proportion was used instead of evenness. In a binary mixture, species proportion and evenness provide similar information, the only difference being that evenness does not differentiate between the two species: species proportion allows analysis of the effects of the symmetry between the two species, in addition to the effects of evenness.
(2) A second set of two estimates reflecting competition exerted by each of the two species: two competition indices computed separately for Acer and Fagus neighbouring trees (CIA and CIF, competition index from neighbouring Acer and competition index from neighbouring Fagus, respectively). Individual indices were first computed for each neighbour and were then summed by species, for all neighbours around the target tree. Several individual indices accounting for the size of the neighbour and the distance between the neighbour and the target tree (Dist) were tested, including tree height, tree basal area, the ratio of tree basal area to Dist, the ratio of tree basal area to the basal area of the target tree and the Hegyi index (Silander and Pacala, 1985; Biging and Dobbertin, 1992) .
The two approaches used the same measured variables (tree size and location) but aggregated them differently into explanatory variables to be incorporated into growth models. The first approach used explanatory variables reflecting dendrometric variables available in most forest inventories (density, species composition, dominant height) and may easily be used to extrapolate the results into practical forestry. The second approach used competition indices that could potentially better represent the competitive pressure around the target trees, and was expected to produce more effective growth models.
All these competition estimates were computed for each target tree, for ten different neighbourhoods of increasing radius, using the height, diameter and survival data from five measurement years (1998, 2004, 2006, 2007 and 2008) .
Growth models. Linear models were used to predict annual tree growth from tree initial size and local competition. Local competition was characterized using estimates from either the first or the second set of competition estimates. For each competition estimate, models including circular neighbourhoods with different radiuses were compared, to determine the best neighbourhood size. Models including the different competition indices were then compared, to determine the best competition index.
Different models that included quadratic or logarithmic transformation of the explanatory variables and different variance models to account for variance heterogeneity were fitted. Models included all second-and third-order interactions among explanatory variables.
Separate models were developed for two variables (height and diameter), for the two species (Fagus and Acer) and for four growth periods (one 2-year period corresponding to 2004 -2005 growth seasons; and three 1-year periods corresponding to 2006, 2007 or 2008 growth seasons) . The objective was to find the best models fitting all variable -species -period combinations. Choice of the best models was made according to adjusted R 2 (models with low adjusted R 2 being eliminated) and residual analysis (models with trended residual distributions being eliminated). Once the best set of variables and the best model forms had been selected, the significance of each selected explanatory variable and their interactions were tested using analyses of variance (ANOVAs). In most models, first-, second-and third-order interactions were not significant and were therefore excluded. Finally, the following models were selected:
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Density ( where Growth refers to annual height or diameter tree growth (i.e. the difference between sizes at the beginning and at the end of the growth period, divided by the duration of the period), Ini to initial tree height or diameter (i.e. size at the beginning of the growth period). Dens (tree density), Sprop (species proportion), Hdom (dominant height), SbaA (sum of the basal areas of neighbouring Acer) and SbaF (sum of the basal areas of neighbouring Fagus) are competition estimates computed on a 3 m radius neighbourhood around each target tree. Ini, Dens, Sprop, Hdom, SbaA and SbaF were computed using the height, diameter and survival data recorded at the beginning of the growth period.
RESULTS
Tree survival and growth
After 12 years (2009), survival was high for both species (90 and 88 % for Acer and Fagus, respectively), with a regular decrease over the course of the experiment. No visible effect of tree size, tree density or species proportion was observed on mortality. Individual tree height increased progressively and reached an average value of 5 . 7 m (s.e.m. ¼ 0 . 025) in 2009 for all trees pooled (Fig. 2) . Fagus was higher than Acer but the difference between the two species was quantitatively small. Stem diameter in 2009 slightly differed between the two species [57 (s.e.m. ¼ 0 . 81) and 62 mm (s.e.m. ¼ 0 . 78) for Acer and Fagus, respectively] although the growth trend was also very similar (Fig. 2) . Between-species differences in diameter already existed in 2004, when diameter measurements begun.
Effects of density and mixture on tree size
In 2009, 12 years after planting, individual tree height for the two species pooled averaged 6 . 0 and 5 . 4 m in the low and high density sub-plots, respectively, indicating a small decrease in average height with increasing density (Fig. 3) . In the same subplots, tree diameter averaged 8 . 8 and 4 . 5 cm, respectively, indicating a sharp decrease in average diameter with increasing density. Except at the highest density, Fagus was slightly larger than Acer. Total plot basal area (computed on trees from both species pooled) strongly increased with density: total basal area for all trees was 15 . In 2009, for each species, diameter increased when the proportion of the species decreased (Fig. 4) , trees grown in mixtures (species proportion ¼ 0 . 25 or 0 . 5) showing an increase of nearly 2 cm compared with trees grown in almost pure plots (species proportion ¼ 0 . 95). For each species, at each level of species proportion, diameter decreased with increasing density. As a result, when pooling the trees from plots with different densities, for Fagus and Acer separately, tree diameter for the species increased when the proportion of the species decreased (Fig. 5) . However, when pooling trees from the two species, average diameter was highest in the 50/50 mixture plots and lowest in the almost pure plots.
Growth models
Individual tree growth models were established using annual growth data. Models for different years were similar. For brevity, results of the annual models are not presented and only models predicting growth over two time periods (2004-2005 and 2006-2008) are shown (Tables 1, 2 ).
Model significance, as indicated by adjusted R 2 , was similar for growth models including density, species composition and dominant height (Table 1) and for growth models including specific competition indices (Table 2) . In addition, model significance was similar for the two species. It ranged between 0 . 11 and 0 . 26 for height growth, and between 0 . 53 and 0 . 75 for diameter growth. It always increased from the first (2004 -2005) to the second (2006) (2007) (2008) time period.
In all growth models (Tables 1, 2) , initial size was the primary factor explaining growth and was always highly significant.
In models including density, species proportion and dominant height (Table 1) , density was always significant with a negative effect. Dominant height was always significant, except for Fagus height growth in 2006 -2008. Its effect was always negative for diameter growth, and was positive for height growth. Species proportion was always significant. For diameter growth, it was always negative, suggesting a positive effect of mixture with the other species on diameter growth for both species. For height growth, it was negative for Acer and positive for Fagus, suggesting a positive effect of Fagus on height growth for both species.
In models including specific competition indices (SbaA and SbaF) (Table 2), the indices were always significant, except for Fagus height growth in 2004 -2005 . Their effects on tree growth were always negative, except for SbaF on Fagus height growth in 2004 -2005 . When considering diameter growth, the negative effect of neighbouring trees of the same species was stronger than the effect of neighbouring trees of the other species, for both species and both time periods.
DISCUSSION
Among the three components of competition from neighbouring trees (density, neighbour tree size and neighbour species identity), density and neighbour tree size were primary factors values were computed in each of the 20 sub-plots along the density and the mixture gradient; n obs ranged between 15 and 100. For each species, the five subplots with very low species proportion (0 . 1) were ignored because of the low number of trees available.
determining growth of target trees, while neighbour species identity had a significant but less pronounced role, in line with the findings of previous studies that analysed the response of young forest trees to competition from neighbours (Uriarte et al., 2004; Boyden et al., 2009; Potvin and Dutilleul, 2009; Boivin et al., 2010) . As expected, Fagus and Acer showed very similar growth dynamics and competitive abilities. However, contrary to our initial hypothesis about the mixture behaving as a monoculture because of the similarity of both species, our study found a small but significant effect of the neighbour species identity on growth, so that the two species could not be considered as fully equivalent in terms of competitive effect.
Species proportion significantly affected the growth of both species. For each species, individual tree growth was highest in almost pure stands when individuals were surrounded by trees of the other species. In contrast, stand productivity was optimal when evenness was highest. The mixture appeared to be stable over the duration of the experiment, and the growth trajectories of individual trees suggest that long-term coexistence may be possible.
Tree survival and species coexistence Tree survival was high over the 12 years following planting, in contradiction to most field studies reporting that forest stands are usually characterized by strong mortality rates during the early stages of their development. In our study, competition with adult trees or with herbaceous species was eliminated, in contrast to the situation prevailing in natural conditions. However, strong inter-tree competition occurred, at least in the high density part of the experiment, and the high survival rate could be directly ascribed to the strong competitive ability of both Fagus and Acer Hein et al., 2008) . Species coexistence was fully ensured in all density and evenness conditions, at least for the duration of the experiment.
Slight differences in tree size were observed between the two species at the end of the experiment, which may lead to large differences in the probability of long-term survival of individual trees, especially in the high or medium density plots. In crowded populations, small differences in initial growth rapidly increase and eventually result in the death of the smaller individuals (Weiner, 1995; Coomes and Allen, 2007) . The slight differences between the two species observed 12 years after planting may lead to species differences in long-term survival as competition becomes more intense, small dominated trees having a lower probability of survival than tall dominant trees.
Studies quantifying the effects of population characteristics such as density or species composition on productivity in grasslands typically use total population productivity as a response variable. In contrast, studies performed in forest ecosystems often use individual tree development characteristics (Potvin and Gotelli, 2008) . Survival and growth assessed at the individual scale combine to determine stand productivity and, for tree Linear models of growth (annual height or diameter increment) following Eqn (1) for the two species and for two consecutive growth periods: model predictive ability (adjusted R 2 ) and coefficient estimates. Height, diameter and density are in cm, mm and tree m 22 , respectively. ns: not significant; * P , 0 . 05; ** P , 0 . 01; *** P , 0 . 001.
See the main text for definition of model factors. Linear models of growth (annual height or diameter increment) following Eqn (2) for the two species and for two consecutive growth periods: model predictive ability (adjusted R 2 ) and coefficient estimates. Height, diameter, and SbA and SbF are in cm, mm, and mm 2 , respectively. ns: not significant; * P , 0 . 05; ** P , 0 . 01; *** P , 0 . 001.
See the main text for definition of model factors.
plantations that have not reached self-thinning, the relative contribution of individual growth is at least an order of magnitude greater than the contribution of mortality (Potvin and Gotelli, 2008) . In the present study, with mortality being very low and independent of density and species proportion, individual tree growth is the main contributor to stand productivity and may be used directly to assess the effects of density and species proportion on total productivity.
Evenness effects
Stand productivity was highest when species evenness was close to one (i.e. in the 50/50 mixture) and slightly lower in uneven mixtures, in line with previous experimental studies performed in grasslands (Wilsey and Potvin, 2000; Kirwan et al., 2007) or in a meta-analysis across forest biomes (Zhang et al., 2012) . The reduction in stand productivity when species evenness decreased was of similar magnitude irrespective of which species, Fagus or Acer, became dominant, indicating symmetric effects for the two species. The positive relationship between productivity and evenness suggests complementarity between the two species in resource acquisition and use in the 12 years after planting.
When examining individual tree growth in response to species proportion for each species separately, we observed for both species that individual trees exhibited larger growth in uneven mixtures in which the other species was more frequent. The observed pattern suggests complementarity between Fagus and Acer in their resource use. It also suggests that the Fagus -Acer mixture probably constitutes a stable mixture where the two species can coexist over the long term. Species coexistence in plant communities is classically related to two types of mechanisms: stabilizing mechanisms that favour the fitness of the dominated species (also called increase-when-rare process) and allow stable coexistence; and equalizing mechanims that delay the exclusion of species, allow unstable coexistence and eventually facilitate the operation of stabilizing mechanisms (Wilson, 2011) . For both species, trees grew better when the proportion of conspecific neighbours decreased, which is similar to an increase-when-rare process. For both species, growth models including specific competition indices showed that interspecific competition was lower than intraspecific competition, which is a primary condition for stable species coexistence to occur (Chesson, 2000) . These observations suggest that the FagusAcer mixture possesses intrinsic stabilizing mechanisms that maintain equilibrium in the relative dominance of the two species and ensure stable coexistence of the species. In addition, the two species had on average similar growth dynamics. These small differences in growth prevent any species from taking a decisive advantage over the other species and contribute to the stable coexistence of the two species. At this developmental stage, the Fagus-Acer mixture appears to combine both stabilizing and equalizing mechanisms affecting species relative dominance, which could ensure long-term species coexistence.
During the young stages, the Fagus -Acer mixture appears to be a balanced mixture that may easily reach an equilibrium between the two species: species have similar growth and show equal growth around the 50/50 mixture, each species being favoured when surrounded by the other species, and the maximum value of stand production occurs in the even mixture.
Density effects
Density appeared as the predominant factor explaining individual growth, a feature already observed in most studies manipulating plant density in plant mixtures (Shainsky and Radosevich, 1992; Polley et al., 2003; Garber and Maguire, 2004; Potvin and Gotelli, 2008) . However, in contrast to previous studies (He et al., 2005; Amoroso and Turnblom, 2006) , density did not interact with species proportion in any of our growth models.
The lack of interaction between density and species proportion suggests a complementarity between Fagus and Acer in their resource use. Actually, Polley et al. (2003) argued that resource partitioning between complementary species reduces the intensity of interspecific relative to intraspecific competition and increases the capture of available resources by plant mixtures, effects that depend on species relative abundance but should be relatively insensitive to density. This pattern matches the results of the present study. In addition, the higher growth of trees surrounded by heterospecific neighbours observed for both species also clearly points toward complementary between Fagus and Acer. The two species are known to have similar height and diameter growth as well as similar shade tolerance and competitive ability in the young stages (Hein et al., 2008) . However, notwithstanding these similarities, the two species follow distinct crown architectural patterns (Bell, 1991) , a feature that has often been described as inducing potential species complementarity by allowing a higher light interception efficiency at the plot scale (Vandermeer et al., 1998) .
